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ABSTRACT 


This  report  presents  Chrysler's  concept  feasibility  study  of  the  Lightweight 
High  Atobility  Track,  performed  under  Contract  DAAE07-67-C-3847 ,  effective 
10  May  I9$7.  The  subject  track  consists  of  a  fiber  glass  reinforced  belt 
with  guide  tooth  projections  on  its  inside  surface  end  pneumatic  pads  on 
its  outside  surface.  This  particular  track  was  intended  for  use  on  a 
vehicle  with  a  gross  weight  of  3000  pounds.  The  resultant  concept  is  12 
inches  wide,  weighs  &.83  pounds  per  foot,  and  is  110.7  percent  buoyant,  in 
addition,  the  inherent  advantages  of  the  design  Include  a  smooth  roadwhee! 
path,  the  ability  to  absorb  road  shocks,  quiet  operation,  and  expected  long 
1  ife. 

The  concept  was  analyzes  fron>  a  n'jmber  of  standpoints  including  weight, 
buoyancy,  tensi le  strength,  and  feasibility  of  manufacture,  it  was  con¬ 
cluded  that  the  concept  :s  feasible  and  that  it  would  be  applicable  to 
lightweight  cargo  and  reconnaissance  vehicles.  Reconwendat ions  for  future 
activity  on  this  project  are  cl  so  presented. 
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WIOTK 

HEIGHT 

PITCH 

MAIN  TENSION  NEARER 
WEIGHT  PER  POOT 


BUOYANT  RUBBER  BELT  WITH  PNEUMATIC  ROAD  PADS 
12  INCHES 

2.75  INCHES  (ROAOMHEEL  TO  GROUND) 

6  INCHES 

FIBER  GLASS  CORDS 
9.83  LB 


BUOYANCY 


I  I  OS 


CONTENTS 


1  .0 

INTRODUCTION 

2,0 

TfiECHN i CAL  REQUIREMENTS 

3,0 

CONCEPT  .STjGATiON 

3,1 

Reinforced  Belt 

3.1.1 

Functional  Requirements 

3.1.2 

Concept  Development 

3.1.3 

Manufactur ing  Techniques 

3. 1.3.1 

Open-Side  Press 

3.1 .3.2 

Positive-Drive  Type  Circular  Mold 

3.1 .3.3 

Roto-Cur* 

3.2 

Road  Pad 

3.2.1 

Functional  Requirements 

3.2.2 

Concept  Development 

3.3 

Sprocket 

3.3.1 

Functional  Requirements 

3.5.2 

Concept  Development 

4.0 

CONCEPT  DESCRIPTION 

4.1 

Genera  I 

4.2 

Reinforced  Belt 

4.3 

Road  Pads 

4.4 

Sprocke  t 

LIST  Or  i v LOSTRAT 4 CM3 


Flours 

Peas 

3-1 

Proposal  Concept  -  Front  View 

3-2 

3-2 

Lightweight  High  Mobility  Track  -  Lateral 
Cross-Section 

3-5 

3-3 

Lightweight  High  Mobility  Track  -  Side  View 

3-7 

3-4 

Proposal  Concept  -  Side  and  Sot tow  Views 

3-i  I 

3-3 

Lightweight  High  Mobility  Track  -  Cross- 
Section  Through  Attachments  and  Valve 

3-14 

3-6 

Tire  Voive  Mounting 

3-15 

3-7 

Lightweight  High  Mobil  tty  Track  -  Bottom  View 

3-18 

3-8 

Sprocket  -  Side  View 

3-20 

3-9 

Sprocket  -  Cross-Section 

3-2  i 

4-1 

Lightweight  High  Mobility  Track  -  Plan  View 

4-5 

5-1 

Track  Pad  Wear  Rates  Versus  Footprint 

Pressure  {Graph! 

5-5 

5-2 

Track  Pad  Wear  Rates  Versus  Average  Footprint 
Pressure  {Graph! 

5-6 

TABLES 


Table  I 


Comper (ton  of  Lightweight  Track  end  XM57I 
Track 


5-»0 


1.0  ! NTROOUCT I  ON 


This  report  presents  a  concept  feasibility  study  of  the  Lightweight  High 
Mobility  Track  conducted  under  Contract  DAAE07-67-C-3847,  which  became 
effective  on  10  May  1967.  The  scope  of  work  included  the  development  and 
■W ini',  ion  of  the  track  concept  and  its  drive  sprocket  and  the  analyses 
necessary  to  establish  feasibility. 

The  project  originated  as  a  result  of  Chryslar's  proposal  in  response  to 
Reguest  for  Quotation  DAAE07-67-Q-0072,  which  was  issued  on  12  October  i96f> 
by  the  U.  S.  Army  Tank  Automotive  Command.  The  technical  requirements  of 
this  RFQ  were  formulated  by  the  Mobility  Systems  Laboratory  at  ATAC,  which 
also  provided  technical  administration  for  the  feasibility  study.  Chrysler 
proposed  a  buoyant  track  consisting  of  a  continuous  f  Iber  glass-reinforced 
belt  with  rubber  guide  teeth  on  its  Inside  surface  and  pneumatic  track  pads 
on  Its  outer  aurfae*.  This  unique  approach  was  adopted  because  of  require¬ 
ments  for  buoyancy,  light  weight,  ehock  absorption,  and  smoothness  of 
operation. 

The  requirement  that  the  track  be  buoyant  enough  to  support  itself  In  water 
was  perhaps  the  moat  difficult,  especially  In  light  of  the  other  require¬ 
ments.  The  first  tracks  concepfed  In  preparing  the  proposal  were  much  more 
conventional,  having  pins  or  bands,  and  Caspar t wants  to  increase  volume  and 
buoyancy.  Each  of  these  concepts  achieved  buoyancy  only  by  increasing 
weight  in  comparison  to  existing  trsck  designs.  Furthermore,  these  concepts 
were  quite  unwiaidy  and  subject  to  easy  damage  from  a  number  of  standpoints. 


!f  thus  became  evident  that  the  desired  track  must  be  unique  in  many 
respects,  first,  a  buoyant  track  would  require  that  metallic  parts  be 
held  to  an  absolute  minimum.  Second,  to  provide  e  truly  "satisfactory" 
cushion  against  road  shock,  vibration,  and  noise  would  require  a  degree 
of  material  flexibility  mere  typical  of  elastomers  than  of  metals. 

The  idea  of  ei  imi noting  metallic  parts  ar  much  as  possible  was  reinforced 
by  an  amendment  to  the  RFQ,  dated  i4  October  iS>66.  The  amendment  indicated 
that  the  track  should  be  applicable  to  a  vehicle  with  a  gross  weight  of 
3,000  to  9,000  pounds.  Chrysler  interpreted  this  as  Indicative  of  a  desire 
for  a  track  of  extrer  ly  light  weight. 

following  a  review  of  the  technical  requirements  for  the  track,  this  report 
discusses  the  concept  invest igat ion  and  presents  a  description  of  the 
resulting  concept.  The  various  analyses  used  to  determine  feasibility  and 
compatibility  with  th#  spaci f icat ions  are  than  presented,  as  well  as  con¬ 
clusions  and  recommendat ions. 


2,0  TECHNICAL  REQUIREMENTS 

The  following  technical  rsti  Iremer.ts  ware  listed  In  the  RFQ,  end  the  concept 
presented  in  the  proposal  was  directed  toward  meeting  them.  These  require¬ 
ments  were  also  stated  In  the  feasibility  study  contract  under  Section  8, 
Description  or  Specifications.  The  track  was  to  have  the  following  capabMI- 
t  test 


1,  High  ffotatlon  ability  sufficient  to  moke  it  better  than  self- 
supporting  In  water. 

2.  Capability  of  traveralng  the  following  terrain  spectrum  at  the 
average  Indicated  speeds. 


(a)  Dry,  hord  cross 
country 

(bi  Dry,  mild  cross 
country  (Includ¬ 
ing  level  culti¬ 
vated  field  and 
ta 1 1  grass  3 

(cl  Dry,  rough  cross 
country  (includ¬ 
ing  uncultivated 
land,  small  trass, 
brush,  and  staep 
grades  3 

(d)  Viet,  marginal 
cross  country 
(including  mud, 
paddies,  swamp, 
muskeg,  and  snow! 

(a I  Inland  waterways 
( including  river, 
lakes,  and  canals 
containing  sharp 
obstacles  and 
steep  banks! 


PERCENT 

REQUIRED  NPH 

DESIRED  MPH 

16.6 

33 

50 

33.6 

20 

28.5 

16.6 

12 

17 

16.6 

17.5 

25 

16.6 

7 

12 
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5.  Capability  of  negotiating  a  60  percent  dry  cross  country  grads, 
a  40  parcant  dry  slda  slope,  and  climb  wet,  soft  60  parcant  slopes 
at  the  star’s  edge. 

4.  The  track  shall  be  easily  maintained  In  the  field. 

5.  Hi gh  re Itab I i 1 ty  of  operat Ion  for  a  I  I  fa  of  5,000  miles  I long 
range  goat  8,000  to  10,000  miles)  at  low  cost  per  vehicle  mile. 

6.  A  satisfactory  cushion  against  vibration,  road  shock,  and  noise. 

?.  Operational  capability  within  an  ambient  temperature  range  of  -65°F 
to  ±I25*F. 

8.  Low  propulsive  power  toss  throughout  the  operating  spaed  range  ana 
terrain  spectrum. 

9.  Maximum  use  of,  but  not  limited  to,  commercially  available  materials. 
Proposed  use  of  promising  new  materials  to  obtain  the  desired  effi¬ 
ciency,  economy,  snd  life  Is  desirable. 

In  addition  to  the  above  requirements,  the  contract  I tstad  target  goals  and 
parameters ,  which  were  formulated  by  ATAC  and  agread  to  by  Chrysler  during 
contract  negotiations: 

(a)  Targat  Track  Width  -  12  Inches 

(b)  Gross  Vehicle  Weight  (GVW)  -  5,000  lbs. 

4c I  Curb  Weight  -  2,000  lbs. 

Id)  Target  Track  Weight  -  12.0  Iba/f t.  maximum 

(a)  Targat  Buoyancy  -  100  percent  minimum 
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3.0 


CONCEPT  INVEST I GAT! ON 


This  section  describes  the  concept  investigation  and  the  evolution  of  the 
design  from  its  inception  to  its  finai  form.  A  review  of  the  functional 
requirements  for  each  part  is  also  given  to  further  explain  the  selection 
of  certain  design  character isf ics. 

3.1.1  Functional  Requirements 

it  is  essential  that  the  belt  possess  the  following  characteristics  in  order 
for  it  to  function  properly: 

a.  Adequate  strength  in  tension 

b.  Provide  smooth  roaawheel  path 

c.  Lateral  stability 

d.  Torsional  stability 

e.  Lew  weight 

f.  Suitable  for  attachment  of  road  pads 

g.  Provide  guiding  surfaces 

h.  Provide  driving  and  braking  surfaces 
i  minimum  stretch  under  tension 

3.1.2  ConsfigL  .fit  vei  .smenl 

The  belt  portion  of  the  track  initially  proposed  was  20  inches  wide,  one-half 
inch  thick,  and  had  two  rows  of  teeth  for  guiding  on  the  outboard  edges  of 
the  roadwheeis,  as  show  in  Figure  3-1,  page  3-2.  A  segmented  construction 
was  envisioned  as  the  best  approach  rather  than  an  endless  construct i on .  The 
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belt  was  reinforced  only  "<y  the  fiber  glass  cord.  Meetings  with  ATAC 
personnel  and  the  estab l i shment  of  target  parameters  indicated  that  the 
concept  would  have  to  be  altered  at  the  beginning  of  the  feasibility  study, 
first,  the  width  of  the  belt  was  changed  to  12  inches.  Second,  It  was 
recommended  that  a  center  guidc/csnter  drive  arrangement  be  used  instead  of 
the  double  row  of  guide  teeth. 

The  investigation  began  with  layout  studies  to  determine  the  overall  con¬ 
figuration  of  the  concept  based  upon  the  target  specifications.  Simultaneously, 
the  strength  requirements  for  the  belt  were  determined  and  research  on  rein¬ 
forcing  materials  was  begun.  The  properties  of  fiber  glass  were  examined,  and 
it  was  concluded  that  this  material  would  make  an  excellent  re i nf or cement  for 
carrying  belt  tension  loads.  Specific  propert ies  which  supper ;■  this  conclusion 
include  the  following  (I): 

o  High  tensile  strength:  250,000-315,000  ps i 
o  Complete  recovery  from  strain  up  to  about  three  percent 
o  Not  affected  by  age 

o  Not  affected  by  moisture 

o  tiot  attacked  by  most  acids,  weak  eikaiies,  or  organic  solvents 
o  Compatible  with  track  operating  temperature  requirements 
o  Not  attacked  by  micro-organisms 

Oiacussicri  with  menuf ecturers  of  fiber  glass  confirmed  these  properties.  In 
addition,  it  was  recommendec  that  the  fiber  glass  not  be  loaded  in  shear,  but 
only  in  tension.  For  this  reason,  it  was  decided  to  make  the  belt  an  endless 
construction  rather  than  attempting  to  segment  it.  This  construction  eliminates 

Numbers  in  parentheses  indicate  references  listed  on  page  7-1. 
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shear  loads  introduced  by  attaching  one  segment  to  another  end  offers  the 
greatest  strength  capability  In  tension.  It  provides  on  uninterrupted  path 
for  the  roadwheets  and  allows  uniform  sprocket  engageeient  at  any  point  on 
the  belt.  A  weight  savings  is  a!so  realized  in  the  endless  construction. 

The  restriction  on  shear  loading  for  the  fiber  glass  indicated  that,  by 
itself,  it  would  not  furnish  a  suitable  base  for  attachment  of  road  pads. 
Therefore,  some  other  type  of  internal  belt  re  I nf or cement  would  be  required 
in  addition  to  the  fiber  glass.  A  fabric  such  as  nylon  or  rayon  was  selected 
because  of  success  in  similar  applications  and  because  it  Is  extremely  tough, 
in  addition  to  providing  strength  in  the  attachment  area,  the  fabric  increases 
the  torsional  and  fateral  stability  of  the  track.  It  was  decided  to  place  the 
layer  of  fabric  between  the  f iber  giass  and  the  inner  (roadwheel )  surface  of 
the  belt,  closest  to  the  point  of  attachment  load  application  (Figure  3-2, 
page  3-5).  in  this  location,  the  fabric  also  protects  the  fiber  glass  from 
impact  loads  caused  by  the  interaction  of  the  roadwhee I s  with  debris  on  the 
inner  surface  of  the  belt.  This  "cushioning"  effect  occurs  because  the  fabric 
has  a  high  ultimate  elongation  and  thus  can  deform  locally  to  distribute  con¬ 
centrated  loads,  in  this  way,  the  material  converts  Impact  energy  into  strain 
energy  which  is  In  part  dissipated  by  interna!  friction  or  stored  and  subse¬ 
quently  released  as  the  materia)  regains  its  original  shape.  The  study  of 
internal  reinforcements  for  the  belt  revealed  that  the  belt  thickness  could 
be  reduced  from  one-half  Inch  to  three-eighths  inch,  thereby  reducing  the 
weight  of  the  flat  portion  of  the  belt  by  25  percent. 

Following  the  recommendation  for  a  center  guide/center  drive  arrangement  for 
the  track  guide  teeth,  a  preliminary  design  for  the  teeth  was  concepted  on 
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layout  drawings.  An  attempt  was  mad*  to  provide  th*  taaf h  with  tha  lorgast 
bases  poss Ibis  within  reason  In  order  to  produce  adequate  strength  to  with¬ 
stand  guiding,  driving,  and  braking  loads.  The  front  and  rear  surfaces  of 
the  teeth  were  then  developed  by  a  layout  study  In  which  the  bait  was  graph¬ 
ically  wrapped  and  unwrapped  around  the  sprocket.  A  tooth  height  of  three 
Inches  wee  considered  adequate  for  guiding  purposes,  especially  In  view  of 
th*  large  area  of  the  tooth  sides  {Figure  3-3,  page  3-7).  For  roadwheets 
greeter  than  14  inches  in  diameter,  at  least  two  teeth  are  tn  contact  with  a 
roadwheei  at  all  tfmts. 

3.1.3  ttanuUctMcIna  Trehnlauta 

In  ordar  to  establish  the  feasibility  of  the  belt,  it  was  necessary  to  deter¬ 
mine  the  problems  Inherent  to  Its  manufacture  and  If,  Indeed,  It  could  be 
manufactured.  During  th#  Initial  stages  of  the  Investigation,  hen<fi>ooks  on 
rubber  products  and  processes  were  first  reviewed  to  provide  background  infor¬ 
mation  in  praparation  for  discussions  with  suppliers.  A  basic  method  for 
menufactur fng  th*  belt  wss  also  formulated.  Foi lowing  the  changes  In  the 
concept  prompted  by  the  contract  target  specifications,  a  number  of  suppliers 
with  experience  In  manufactur lng  fiber  glass  reinforced  belts  were  contacted. 
Sen*  of  the  discussions  which  followed  prompted  minor  changes  in  tha  belt  con¬ 
cept.  Chrysler*#  original  Ideas  on  manufacturing  were  also  generally  confirmed, 
with  th*  addition  of  details  In  nomencl atura,  processes,  and  sequence  of  opera¬ 
tions.  The  paragraphs  below  describe  three  methods  of  manufactur lng  and  the 
advantages  of  each. 
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3. 1.3.1  Opon-5 1  d*  Press 

This  process  is  suggested  as  the  least  expensive  method  for  producing  proto¬ 
type  belts  In  smell  quantities.  IMcured  sheet  rubber  stock  It  first  laid 
over  a  round  mandrel.  Trie  Inside  diameter  of  the  rubber  on  the  mandrel  is 
equal  to  the  length  of  the  Inside  surfece  of  the  finished  track.  The  fiber 
glass  tension  mentor*  is  wound  around  the  mandrel  while  under  tension.  Another 
sheet  of  uncured  rubber  Is  then  laid  over  the  tension  member  and  secured  with 
a  cur eel*  adhesive.  The  "raw1'  belt  Is  suspended  on  two  rollers,  one  on  each 
side  of  the  press.  A  mold  In  the  press  Is  loaded  with  uncured  rubber  stock 
which  has  been  pre-cut  to  the  approximate  shape  of  the  guide  teeth.  The  belt 
is  put  under  tension  by  a  hydraulic  cylinder  which  Is  connected  to  one  of  the 
rollers.  The  press  is  then  closed  upon  the  belt,  subjeettng.lt  to  heat  and 
pressure.  Thus,  the  belt  Is  cured  {vulcanized!  In  Increments  {typically  3~5 
fast  I  and  Is  i ndexed  when  the  cure  of  on#  Incranen*  Is  comp  lets.  The  control  e 
temperature  and  temperature  gradients  along  ths  po*  ' !^n  being  cured  Is 
extremely  Important  to  prevent  overcure  or  undercut**  In  overlap  eraas  between 
Increments.  This  method  may  be  used  to  cure  a  baft  of  sny  anticipated  length, 
but  a  specific  mandrel  is  required  for  a  given  bait  length, 

3. 1.3. 2  faajLt ly.rfrr,ly*  .Iypt-Ciraul,flr..,HteU 

Like  the  open-side  press  method,  the  circular  mold  method  require*  a  mandrel 
for  establishing  the  belt  length.  The  raw  belt  Is  placed  In  an  autoclave 
which  contetns  a  circular  mold,  Pressure  Is  applied  t>y  a  sleeve  and  a  bag 
which  Is  praasurlzad  with  steam  which  surrounds  the  belt  end  the  mold.  When 
the  bag  la  praasurlzad,  the  bait  is  pressed  against  the  mold.  The  production 
rate  of  this  process  is  approximately  6-1  times  that  of  the  open  side  press 
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method,  but  a  specific  meid  is  required  for  a  giver?  belt  length.  The  mold 
would  be  much  more  costly  than  that  required  for  the-  open-side  press.  The 
circular  mold  process  would,  fheiefore,  be  pest  suited  for  production  of 
large  quantities  of  beits  of  a  specific  length  anu  would  offer  a  maximum 
production  rate  in  comparison  to  other  methods, 

1.3. 5  Roto-Cure 

As  with  the  above  processes,  the  roto-cure  method  requires  a  mandrel  for  a 
specific  belt  length.  Rather  than  curing  in  increments  or  in  one  step,  the 
roto-cure  machine  feeds  the  raw  belt  through  a  series  of  rollers,  one  of 
which  Is  a  heated  mold.  Pressure  is  appl  led  by  a  stainless  steel  band  which 
Is  also  wrapped  around  the  rollers.  The  use  of  this  steel  band  requires  that 
one  side  of  the  belt  be  smooth.  A  singular  advantage  of  this  process  is  that 
It  can  cure  belts  of  various  lengths,  provided  the  width,  pitch,  etc.  are  the 
same.  The  roto-cure  process  is  not  as  fast  as  the  circoUr  wls  process,  but 
it  is  expected  that  two  beits  could  be  handled  per  machine,  thus  showing  an 
advantage  over  the  open-side  press. 

Ail  of  the  above  processes  can  be  applied  to  an  endless  be:t  construct  ion, 
wherein  the  tension  members  do  not  have  to  be  spt iced  or  connected  mechan¬ 
ical  iy.  This  type  of  construction  is  considered  essential  for  .iisxi'mum  belt 
life  and  strength.  It  was,  therefore,  concluded  that  ali  of  these  processes 
could  be  used  to  manufacture  the  belt  portion  of  the  lightweight  track,  srith 
a  reasonable  probability  of  success,  owing  t«  "ta  previous  experience  of 
suppt lers  with  similar  items. 

3.2  S&fidJEflfl 
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3.2. t  f«K;tiBnfii.itemiKCTnxa 

The  following  characteristics  war*  considered  of  major  Importance  in  the 
design  of  the  pneumatic  road  pads: 
fi.  High  buoyancy 

b.  Low  waight 

c.  Longitudinal  ftaxibility 

d.  Satisfactory  cushion  against  road  shocks 

a.  Non-diract tonal  traad  to  avoid  necessity  of  right-  and  laft-hand 
parts 

f.  Low  "footprint"  praasura 

g.  Adequate  heat  dissipation 

h.  Adaquata  attachment  strangth 
1.  Resistance  to  panetret ion 

j.  Valva  requiring  a  minimum  of  time  and  effort  to  fit!  air  chamber 
3.2.2  frlflfcltfi  L.CttXft  l  g3Mfl.t. 

Tha  initial  road  pad  design  was  rectangular  in  shape,  tapering  slightly  toward 
the  bottom  surface.  The  attachment  to  the  belt  was  made  by  four  studs,  the 
heads  of  which  ware  inside  tha  air  ceil  cavity  (Figure  3-4,  page  3-11).  The 
air  valva  was  integral  with  one  of  fh»  studs.  The  road  contact  surface  was 
chevron-shaped . 

At  tha  outaat  of  tha  feasibility  study,  tha  road  pad  concept  was  first  reduced 
In  width  fro*:  20  Inches  to  12  inches.  The  first  area  to  be  Investigated  was 
tha  ettactwienf  to  tha  bait.  Various  types  of  reinforcements  were  concerted 
for  tha  Interior  of  tha  air  cavity.  Tha  ovarat!  pad  dmslgn  was  alao  dlacuaaad 
with  rubber  companies,  and  it  wr.a  decided  that  major  changes  would  be  necessary 
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to  facilitate  manufacturing.  First,  having  the  attaching  studs  enter  the 
air  cavity  p-»sen*ed  sealing  problems  as  well  as  manuf actur I ng  problems. 

Second,  piecing  reinforcements  inside  the  cavity  required  that  access  to  the 
cavity  be  provided.  The  overall  shape  of  the  pod  also  made  It  extremely 
difficult  to  place  fabric  re i nforcements  in  the  cavity  wails,  end  the  pad 
would  not  flex  properly  Decause  its  wails  were  straight-sided  and  had  rather 
sharp  corners.  Thus,  it  became  evident  that  a  complete  redesign  would  have 
to  be  made  to  overcome  these  problems. 

A  basically  oval  shape  was  selected  to  allow  the  placement  of  the  fabric 
reinforcements  and  to  allow  flexing  by  eliminating  corners.  The  top  surface 
of  the  pad  remained  rectangular.  The  pad  would  consist  of  a  rectangular 
upper  (belt  sida)  piece  and  an  ova  I -shaped  lower  piece  containing  the  air 
cavity.  The  lower  piece  would  have  a  flange  matching  the  periphery  of  the 
upper  piece.  The  two  pieces  would  be  joined  by  applying  heat  and  pressure  to 
the  flange  area.  A  heat-sens i 1 1 ve  cement  would  be  used  in  the  joining  pi  ocess. 
Prior  to  joining,  each  piece  would  be  molded  separately  end  partially  vulcan¬ 
ised  in  the  flange  area.  Vulcanization  would  be  completed  In  the  joining 
process. 

Following  the  above  approach,  the  configuration  for  the  road  pad  concept  was 
re-estabi ished.  Derailed  study  of  certain  areas  and  discussions  with  sup¬ 
pliers  established  the  correct  corner  radii,  draft  angles,  and  material 
thickness . 

The  attachment  area  was  further  fnves. 1 'gated  once  the  basic  configuration  of 
the  pad  had  been  established.  In  addition  to  facilitating  closure  of  the 
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air  celt  during  manufacturing,  the  flange  around  the  top  of  the  pad  pro¬ 
vided  a  means  of  making  the  attachment  without  violating  the  air  celt 
cavity.  The  corners  of  the  flange  offered  an  excellent  place  to  make  the 
attachment  with  three-eighths  f  3/S  >  bolts  ano  fiat  washers.  As  with  the 
belt,  a  steel  sleeve  was  used  to  line  the  bolt  hole  to  aid  in  distributing 
the  lateral  attaching  loads  and  to  prevent  the  threads  of  the  bolt  from 
working  against  the  rubber  (Figure  J-5,  page  3-143.  The  sleeve  also  pre¬ 
vents  the  rubber  from  being  compressed  due  to  bolt  tension.  The  front  and 
rear  edges  and  corners  of  the  pad  flange  were  also  reinforced  with  steel 
clips.  These  clips  protect  the  edges  from  tearing  and  keep  the  top  of  the 
pad  flat  against  the  track. 

The  decision  to  make  the  attachment  with  boits  outside  the  air  cavity  e! in.i- 
nated  the  idea  of  using  one  of  the  bolts  as  a  valve.  A  review  of  the  pad 
design  Indicated  that  the  valve  should  be  located  in  the  top  portion  of  the 
pad,  where  the  surface  is  subjected  to  a  minimum  of  flexing  and  where  the 
valve  would  receive  the  least  abuse  during  operation.  A  sma! i  valve  such 
as  used  with  tubeless  tire  rims  was  first  considered.  The  valve  would  extend 
from  the  top  of  the  pad  through  a  hole  in  the  track.  Since  these  valves  are 
designed  for  mounting  In  metal  wheel  rims,  It  was  decided  to  reinforce  the 
hole  in  the  top  of  the  pad  with  a  steel  ring  as  shown  in  Figure  3-6,  page  3-15. 
This  ring  would  be  bonded  to  the  rubber  and  would  provide  a  sealing  surface 
against  which  the  body  of  the  valve  could  expend  following  insertion.  It 
would  also  prevent  localized  flexing  in  the  area  of  the  valve.  This  type  of 
valve  requires  a  cap  which  prevents  the  build-up  of  debris  around  the  valve 
stem  end  aids  in  sealing.  The  placement  of  this  vaive  is  critical  because 
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;f  o! es  a  1  tji  iun  on  r  udiiw^eel  wid*h,  the  r  oadwhee  I  must  pass  between 
rne  guide  tee"=  ana  ’"e  row  of  values.  The  vaive  is  also  quire  vulnerable 
due  to  the  fact  that  it  projects  item  the  inside  surface  of  the  track  close 
to  the  outboard  edge. 

When  f he  above  problems  became  evident,  a  search  for  a  valve  requiring  less 
complexity,  weight,  space,  and  effort  to  use  was  initiated.  Since  this  is  a 
low  pressure  application  (approximately  ii  ps i  static),  other  types  of  valves 
typically  useo  »cr  low  pressu'es  were  examined.  It  was  founo  that  the  valves 
commoniy  used  in  tootcat's,  basketballs,  etc.  would  meet  the  requirements. 
These  valves  are  common iy  caned  "inflarers"  or  ‘‘needie  valves'1  because  they 
are  filled  with  a  hollow  needie. 

This  type  of  valve  has  several  advantages  over  the  tire  valve  originally 
selected.  The  weight  of  tne  intiater  is  almost  negiigibie  (approximately 
1.9  grams);  no  cap  is  required;  the  vaive  wi i I  not  ex’end  beyond  the  Inner 
surface  of  the  belt  anc,  therefore,  wi i I  not  be  as  vulnerable  iFfgure  3-5, 
page  3-14.;.  In  addition,  the  ’ire  required  to  fill  the  pad  with  this  valve 
is  expected  to  be  less,  and  a  pre-set  air  pressure  source  may  be  used  to 
great  advantage.  It  is  also  expecred  that  the  valve  may  be  inserted  directly 
into  the  top  portion  of  the  pad  ana  bonded  with  an  adhesive,  thus  eliminating 
the  metal  sealing  ring  required  with  the  tire  vaive. 

in  developing  tne  pneumatic  pad  concept,  the  idea  of  a  chevron-shaped 
grouser  was  carried  over  from  the  proposal  concept.  With  a  grouser  of  this 
shape  and  the  fact  that  the  valve  would  have  to  be  located  near  the  outboard 
edge  of  the  pad,  it  would  have  been  necessary  to  have  left-  and  right-hand 
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pads  for  use  on  opposite  sides  of  tne  vehicle.  Also,  the  area  of  contact 
of  this  pod  on  the  ground  was  rather  smell.  Therefore,  on  attempt  was  made 
to  design  a  grouser  which  would  be  non-direot tonal  and  provide  a  large 
"foatpr ini”  area  to  reduce  the  unit  press^-e  on  the  rubber  for  greater  wear 
and  to  lower  the  pad  inflation  pressure  requirement. 

The  grouser  finally  selected  gives  maximum  protection  and  support  to  the  pad 
air  cell.  It  also  presents  gripping  edges  in  both  longitudinal  and  lateral 
directions  (Figure  3-7,  page  3-18).  A  lateral  slot  in  the  grouser  prevents 
excessive  stiffness  when  bending  around  the  roaaeheels  and  sprocket.  The 
thickness  of  the  grouser  was  established  as  5/8  inch,  based  upon  weight  and 
buoyancy  requirements. 

3.3  Sprocket 

3.3.1  Functional  Requirements 

Because  of  the  eomewhat  unorthodox  design  of  the  track  and  its  rubber  guide 
teeth,  it  wes  necessary  to  design  a  sprocket  specifically  suited  to  this 
application.  The  following  character istics  were  considered  In  the  develop¬ 
ment  of  the  concept: 

a.  Smooth  engagement  and  disengagement  with  track  guide  teeth 

b.  tight  weight 

c.  Self-clsaning 

d.  Ease  of  manufacture 

e.  Adequate  support  of  track 

f.  Ease  of  attachment  to  final  drive  hub 
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3.3.2  CofX.it ft i  Bevel oomenf 

The  sprocket  concept  presented  In  the  proposal  consisted  of  twelve  hollow 
steel  drive  pins  welded  on  each  end  to  circular  plates.  In  view  of  the 
changes  made  fo  the  track  concept  at  the  cutset  cf  the  feasibility  study.  If 
w.ts  necessary  to  revise  the  sprocket  concept  and  provide  additional  detail 
to  agree  with  the  track  and  the  hypothetical  vehicle  application. 

Beginning  with  the  basic  Idea  of  a  pin-type  sprocket.  It  w«s  first  decided 
to  reduce  tte  number  of  pins  to  ten  In  order  to  reduce  size  and  weight.  This 
was  considered  advisable  because  the  vehicle  application  envisioned  was 
extremely  light.  The  first  step  in  designing  the  sprocket  was  to  determine 
the  correct  location  of  the  drive  pins.  This  was  dona  by  considering  the 
Inside  surface  of  the  belt  as  the  pifch  line  of  the  track  and  arranging  the 
drive  pins  to  be  tangent  to  the  inside  of  a  diameter  consisting  of  ten  arc 
lengths  of  o.OO  inches.  The  pitch  diameter,  therefore,  was  found  to  be  19.10 
inches  (Figure  3-8,  page  3-2C». 

With  the  diametral  locations  of  the  drive  pins  established,  attention  was 
next  centered  on  providing  support  for  the  pins  white  allowing  clearance 
for  the  track  guide  teeth.  It  was  also  desired  to  support  the  track  belt 
outboard  of  the  pins.  Two  Identical  deap-dish  formed  sections  ware  thus 
deve loped  to  the  desired  shape.  It  was  reasonad  that  this  method  would 
facilitate  manuf actur ing  and  would  minimize  the  number  of  parts  required 
(Figure  3-9,  page  3-211. 

The  formed  sections  were  then  perforated  to  cradle  the  pins  prior  to  welding. 
In  this  way,  accurate  positioning  of  the  pins  was  assured.  Additional 
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perforations  were  included  to  allow  debris  to  fall  free  of  the  sprocket  and 
t o  reduce  weight. 

The  attachment  o*  the  sprocket  to  the  final  drive  hub  was  the  next  area  to 
be  Investigated.  in  the-  absence  of  definition  in  this  area,  an  Ml  16  final 
drive  huo  was  used  as  a  guide.  The  various  parts  Including  bearings,  drive 
shaft,  hub,  and  support  housing  were  rearranged  and  revised  to  suit  the  new 
sprocket  design  without  changing  the  basic  concept.  Since  fine!  drive  hub 
definition  was  beyond  the  scope  of  this  project,  no  further  study  was  per¬ 
formed  in  this  area.  A  hole  in  the  center  of  the  sprocket  assembly  was  made 
to  pilot  on  a  diameter  of  the  final  drive  hub,  and  the  sprocket  was  held  ir, 
place  by  studs  and  by  nuts,  in  a  manner  similar  to  automobile  wheei  mounting. 
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4.0  CONCEPT  DESCRIPTION 


4. I  General 

The  Lightweight  High  Mobility  Track  is  essentially  an  endless  reinforced 
rubber  belt  having  guide  teeth  molded  to  its  inner  surface  and  rubber 
pneumatic  road  pads  bolted  to  its  outer  surface.  The  track  is  12  inches 
wide  and  has  a  "pitch"  of  6  inches.  One  guide  tooth  and  one  road  pad  are 
located  on  each  pitch.  Due  to  the  flexibility  of  this  track,  the  term 
"pitch11  takes  on  implications  different  from  the  same  term  applied  to  pm- 
type  tracks  cr  convent  ions  I  band  tracks  using  rtglo  shoes;  as  the  track 
travels  around  roadwheels,  sprocket,  and  return  rollers,  it  will  bend  suffi¬ 
ciently  to  partially  conform  to  these  objects  rather  than  forming  distinct 
chords. 

The  track  weighs  approximately  9.83  pounds  per  foot  and  is  HO.-?  percent 
buoyant  in  water.  The  envelope  length  envisioned  for  the  theoretical  vehicle 
application  is  22.5  feet,  and  each  track  will  weigh  210  pounds.  Each  pitch 
of  track  displaces  .0874  cubic  feet  of  water  when  submerged. 

The  sprocket  engages  the  guide  teeth  on  the  inside  surface  of  the  belt.  The 
sprocket  teeth  are  cylindrical  hollow  pins  which  are  welded  tc  two  deep-dish 
formed  wheel  sections  which  bolt  to  the  sprocket  hub.  The  formed  sections 
are  perforated  to  prevent  the  collection  of  debris  around  the  pins  and  are 
shaped  to  guide  the  track  by  forming  a  groove  for  the  guide  teeth.  The  track 
is  supported  outboard  of  the  pins  by  flanges  on  each  of  the  formed  wheel 
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sections. 
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'  Inforced  Bel t 


The  reinforced  rubber  belt  section  of  the  track  resembles  a  cogged  positive- 
drive  belt,  except  that  the  teeth  do  not  extend  across  the  entire  width.  The 
thickness  of  the  belt  is  3/8  Inch  and  the  guide  teeth  extend  three  Inches  from 
the  inside  surface.  The  teeth  serve  not  only  as  driving  surfaces,  but  also  as 
track  guides;  the  dual  roadwheels  straddle  the  teeth  and  ere  presented  with  a 
smooth,  uninterrupted  path. 

The  tension  members  of  the  track  are  located  in  the  thin  belt  section.  Tension 
loads  are  carried  by  strands  of  fiber  glass  cord.  The  ultimate  tensile 
strength  of  the  belt  is  expected  to  be  approximately  66,000  pounds.  The  fiber 
glass  cord  consists  of  one  strand  wrapped  many  times  around  the  track  envelope 
end  located  at  the  center  of  the  3/6  inch  thick  section.  This  reinforcement 
extends  across  the  full  width  of  the  belt  (Figure  3-2,  page  3-51.  Only  one 
layer  of  the  cord  is  required.  Two  or  more  iayers  could  not  be  used  In  this 
application  because  of  the  rigidity  of  the  fiber  glass  cord  In  tension.  Bend¬ 
ing  around  a  roedwheel  or  sprocket  could  set  up  enough  stress  in  the  cord  to 
cause  failure  of  thw  rubber  or  of  the  cord  Itself. 

The  fiber  glass  cord  is  made  frexn  continuous  filaments  grouped  Into  strands. 

The  strands  are  twisted  togethsr  to  product  the  cord.  It  is  Important  that 
the  direction  of  twist  be  reversed  at  the  center  of  the  belt.  For  example, 
the  portion  of  the  belt  from  the  longitudinal  centerline  to  the  right  edge 
would  contain  cord  with  a  right  or  left-hand  twist.  The  portion  of  the  belt 
on  the  opposite  aide  of  the  centerline  would  contain  cord  of  the  opposite 
twist.  This  arrangement  eliminates  the  tendency  for  the  be  I h  to  twist  under 
tension . 
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Indivicuai  *ioers  are  treated  with  an  organic  or  inorganic  lubricant  which 
keeps  them  apart  and  minimises  the  abrasive  action  of  glass  on  glass.  With¬ 
out  this  lubricant,  the  fibers  would  scratch  each  other  end  cause  fracture. 
The  selection  of  the  lubricant  largely  depends  upon  its  compat  ibi  Hty  with 
the  rubber  in  which  the  cord  wi t t  be  encased.  The  lubricant  is  permanent 
because  It  is  completely  enclosed  In  rubber  and  not  subject  to  dilution  or 
attack  by  environmental  influences.  The  fiber  glass  cord  to  be  used  wilt  be 
similar  to  that  described  in  MIL-Y-II40  E,  Yarn.  Ccrd,  Cloth  and  Tape-Glass. 
Section  3.3.2,  page  5,  30  December  1963. 

in  addition  to  the  fiber  glass  cord,  the  belt  is  reinforced  with  one  ply  of 
nylon  or  rayon  fabric,  located  between  the  fiber  glass  cord  and  the  inside 
surface  of  the  belt.  The  fabric  re  inf orcement  gives  lateral  and  torsional 
strength  to  the  track  and  increases  tha  shear  strangth  of  the  belt  for  the 
road  pad  attachment.  The  fabric  material  has  a  much  lower  modulus  of  elas¬ 
ticity  than  the  fiber  gtase  and  a  higher  ultimate  elongation.  Therefore,  the 
fabric  does  not  carry  normal  belt  tension  loads,  but  serves  to  protect  the 
fiber  glass  from  concentrated  shear  or  point  loads.  It  also  adds  to  the 
overall  toughness  of  the  belt  section. 

The  guide  teeth  on  the  Inner  surface  of  the  belt  are  Integral  with  the  belt 
and  are  molded  from  the  same  rubber  as  the  belt.  They  are  prlsmotdel  in 
shape,  tapering  on  all  sides  towsrd  tha  top.  Large  radii  are  located  et  the 
junction  ct  the  front  and  raar  surfaces  of  the  tooth  and  the  inner  surface 
of  the  bait.  The  sprocket  pins  engage  the  teeth  at  these  radii.  The  ere# 
of  the  base  of  each  tooth  Is  quite  large  in  order  to  provide  adequate  shear 
strength  to  withstand  driving  end  guiding  loada. 
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The  read  pedi  are  located  on  the  outer  surface  of  the  belt  end  each  Is  held 
in  place  by  four  Bolts.  The  belt  has  four  steel -reinforced  holes  per  pitch 
to  accommodate  the  attaching  bolts  (Figure  4-1,  page  4-5>.  This  steel  rein¬ 
forcement  allows  the  attachment  to  be  made  without  locally  compressing  the 
belt  as  the  nut  is  tightened  and  helps  distribute  lateral  forces  to  the  belt 
during  operation.  Access  to  the  road  pad  air  valve  Is  through  an  additional 
hole  in  the  belt,  located  near  its  outside  edge. 

4.3  Road  Pads 

The  pneumatic  road  pads  serve  two  primary  purposes  in  addition  to  providing 
tractive  surfaces:  they  add  buoyancy  and  serve  to  absorb  shocks.  Each  pad 
consists  of  a  pressurized  air  cell  and  a  rubber  grouser  which  Is  Integral  with 
the  cell.  The  air  cell  is  ovai-shaped  (Figure  3-7,  page  3-18)  and  la  con¬ 
structed  of  two  pieces.  The  upper  piece  is  a  flat  sheet  of  rubber  which  Is 
reinforced  with  fabric.  This  piece  Is  adjacent  to  the  outside  surface  of  the 
belt  when  the  pad  Is  Installed.  The  lower  piece  contains  the  air  ceil  cavity. 
The  two  pieces  are  joined  at  a  flange  which  encompasses  the  upper  surface  of 
the  pad  assembly.  The  leading  and  trailing  edges  of  this  flange  are  rein¬ 
forced  with  steel  clips  to  prevent  tearing  of  the  rubber  during  operation. 

The  attaching  bolts  extend  through  the  flange  at  the  corners,  and  the  holes 
for  the  bolts  are  reinforced  with  steel  sleeves. 

The  flat  upper  surface  of  the  pad  contains  en  inf  later,  a  valve  similar  to 
those  used  In  athletic  equipment.  A  "needle"  Is  used  to  f 1 1 1  or  deflate  the 
air  celt.  This  type  of  valve  has  no  moving  parts  and  is  made  entirely  of  a 
highly  resilient  grade  of  rubber.  Due  to  this  resiliency,  the  hole  for  the 
"needle"  closes  and  forms  a  seal  when  the  needle  Is  not  inserted. 
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F  Igure  4-1  Ughfwtlght  High  Mobility  TrecK  -  Plan  View 


The  lower  portion  of  the  pad  is  reinforced  with  two  plies  of  fabric  along 
the  sides  and  above  the  grouser.  The  fabric  gives  the  pad  lateral  and 
longitudinal  stability  as  well  as  resistance  to  penetration.  it  also  pro¬ 
vides  strength  In  the  area  of  the  attachment.  The  grouser  is  non-direct ional 
and  nas  an  area  of  32.9  square  inches.  A  lateral  slot  in  the  grouser  aids  in 
bending  around  the  roedwheels  and  sprocket. 

4.*  Sprocket 

The  sprocket  Is  »  fabricated  construction  consisting  of  ten  hollow  cylindrical 
pins  end  two  formed  sections  similar  to  an  automotive  wheel.  The  pins  ere 
welded  to  these  sections  at  each  end  (Figure  3-8,  page  3-20,  and  Figure  3-9, 
peg#  3-21 ) . 

The  pins  engage  the  guide  teeth  on  the  track  for  driving  and  braking.  The 
track  Is  supported  as  it  travels  around  the  sprocket  by  the  pins  and  by 
flanges  on  the  outboard  edges  of  the  formed  wheel  sections.  The  driving  and 
guiding  interfaces  are  all  rubber  to  metal,  providing  quiet  operation.  The 
sprocket  (a  self-cleaning  because  the  formed  sections  are  perforated  to 
permit  the  expulsion  of  debris.  The  pitch  diameter  of  the  sprocket  is 
19.10  Inches;  the  overall  width  is  8.65  Inches. 

The  sprocket  is  attached  to  the  final  drive  hub  by  studs  end  nuts.  The 
studs  are  pressed  Into  the  hub  mounting  flange.  A  pilot  diameter  on  the 
hub  guides  the  formed  sections  of  the  sprocket  to  assure  accurate  mounting. 
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5.0  FEASIBILITY  ANALYSES 


Throughout  the  duration  of  the  concept  feasibility  study.  It  was  necessary 
to  evaluate  the  lightweight  track  from  several  standpoints  at  each  stage  of 
tne  concept  evolution,  Theee  evaluations  not  only  provided  increased  concept 
definition,  but  in  many  cases  also  indicated  areas  for  improvement  of  the 
designs.  This  section  presents  the  analyses  used  to  determine  certain  design 
requirements  and  to  evaluate  the  final  concept, 

5. i  Track  Tension  Requirements 

Since  the  ability  of  the  track  to  carry  axial  loads  is  extremely  important, 
the  first  analysis  was  performed  to  determine  the  magnitudes  of  these  loads. 
The  calculat ton*  (page  A-X)  were  baaed  upon  the  hypothetical  vehicle  eppi Ice- 
tlon  having  s  groee  weight  of  30C0  pounds.  Maximum  operating  tension  wee 
determined  by  considering  the  vehicle  operating  on  a  surface  with  a  traction 
coefficient  of  0.80,  thue  making  this  tension  equal  to  40  percent  of  the  gross 
weight  or  1200  pounds. 

Maximum  potential  tension  is  usual iy  baaed  upon  sprocket  torque  data.  in 
the  absence  of  these  data,  however,  ATAC  recommended  that  the  maximum  poten¬ 
tial  tension  be  equal  to  the  gross  vehicle  weight  multiplied  by  i.25  or  3750 
pounds. 

Studies  of  the  properties  of  fiber  glass  and  discussions  with  suppliers  of 
fiber  g lees-reinforced  belts  indicated  that  the  ultimate  strength  of  the  belt 
should  be  15  to  20  times  as  greet  as  the  maximum  operating  tension.  It  was 
also  noted  that  such  belts  are  currently  being  manufactured  with  strengths  of 
approximately  6000  pounds  par  Inch  of  width.  With  a  track  width  of  <2  Inches, 
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lass  a  total  of  on«  inch  to  allow  for  attachment* ,  it  was  found  that  the  bait 
portion  of  the  track  could  be  manufactured  with  an  ultimata  strength  of  66,000 
pounds.  The  strength  potential  of  the  belt,  therefore,  far  exceeded  the 
suggested  ultimate  strength;  the  ultimate  strength  of  the  belt  could  be  as 
high  as  55  times  the  maximum  operating  tension  and  17.6  times  es  high  as  the 
maximum  potential  tension,  as  shown  on  page  A-5. 

5.2  Weight  and  Buoyancy 

An  analysis  of  the  weight  and  buoyancy  of  the  concept  was  performed  as  soon 
as  the  f  inai  configuration  was  determined,  in  performing  the  analysis,  the 
material  and  displaced  volumes  were  computed  for  each  geometrical  section  of 
the  belt  and  the  pneumatic  road  pad,  as  shown  In  the  calculations  beginning  on 
page  A -4.  The  specific  weight  of  rubber  used  was  0.0415  pounds  per  cubic  inch, 
as  provided  by  suppliers.  This  figure  was  found  to  agree  with  other  data  on 
rubber  12).  It  was  assumed  that  the  effective  specific  weights  of  the  fiber 
glass  cord  end  fabric  would  be  the  same  *s  that  of  rubber.  The  weights  of 
attachments  were  either  calculated  or,  when  possible,  determined  directly  with 
a  scale.  The  analysis  showed  that  the  track  would  wslgh  9.85  pounds  per  foot 
and  would  have  a  buoyancy  In  water  of  HO. 7  percent.  The  weight  of  the 
sprocket  wae  calculated  to  be  56.2  pounds  (page  A~7), 

5.3  tenoth  Chanoe  due  to  Temperature  Variation 

Dimensional  stability,  especially  In  the  longitudinal  direction.  Is  extremely 
Important  for  all  tracks.  Large  variations  in  length  could  cause  the  track 
to  become  "overpitched"  or  ‘’underpitched"  with  respect  to  the  sprocket  and 
could  also  affect  static  track  tension.  The  total  length  change  the  track 
could  be  expected  to  undergo  was,  therefor*,  calculated  using  the  specified 
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minimum  and  maximum  operating  temperatures  of  -65  to  ♦125  degrees  Fahrenheit, 
the  calculations  on  page  A- g  show  that  the  change  In  length  would  be  only 
0.114  percent  or  .3078  Inches  for  an  envelope  length  ot  22.5  feet.  It  was 
assumed  that  the  fiber  glass  cord,  being  the  main  tension  member,  would 
govern  the  length  change  of  the  tract;;  the  effects  of  the  rubber  end  fabric 
were  neglected. 

5.4  8oad  Pad  Inflation  Pressure 

The  development  of  a  pneumatic  pad  and  the  selection  of  an  air  valve  requires 
same  knowledge  of  the  Inflation  pressures  which  will  be  required.  In  calcu¬ 
lating  the  static  inflation  pressure  (page  A-9>,  it  was  assumed  that  the 
pressure  Inside  the  pad  would  have  to  be  equal  to  the  "footprint"  pressure 
on  the  grouser  due  to  static  roadwheei  load.  Therefore,  If  could  be  said 
that,  when  a  roadwhael  Is  directly  above  a  road  pad,  only  that  particular 
pad  supports  the  wheel  and  no  vertical  load  is  transmitted  into  any  other 
pads.  This  was  considered  to  be  a  safe  assumption  since.  In  practice,  a 
certain  amount  of  load  wilt  be  carried  by  adjacent  pads  because  of  deflec¬ 
tions.  In  addition.  It  was  assumed  that  the  waits  ot  the  pad  do  not  contribute 
to  the  support  of  the  grouser  area.  The  calculations  showed  that  the  required 
inflation  pressure  would  be  11,4  pal  and  that  the  average  "footprint"  pressure 
for  all  grousers  would  be  3.91  ps  I . 

5.5  Grouser  Wear  Rate 

Another  factor  typically  relating  to  ground  pressure  Is  the  wear  rate  of  a 
rubber  road  pad.  Most  road  pads  ere  rigidly  backed  end  cannot  deflect  to  an 
appreciable  extent  when  experiencing  concentrated  loads.  The  pneumai lc  pad 
for  the  lightweight  track,  however,  provides  a  flexible  backing  for  the 
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rubber  grouser.  In  attempting  to  estimate  the  wear  rate  and  expected  life 
of  the  grouser ,  if  is  possible  to  drew  certain  conclusions  based  upon  data 
from  existing  tracks. 

A  survey  conducted  by  Chrysler  under  another  contract  131  indicated  that  a 
definite  relationship  existed  Between  road  pad  wear  rate  and  the  ground 
pressure  on  a  road  pad  calculated  by  dividing  the  pad  area  per  pitch  uf  track 
by  the  average  static  roadwneet  load.  In  addition,  a  similar  relationship  was 
shown  to  exist  between  wear  rate  and  the  average  pressure  on  ail  pads  in  con¬ 
tact  with  the  ground.  The  curves  on  the  following  pages  represent  the  results 
of  the  survey.  The  curves  were  extrapolated  for  tow  pressures  because  of  a 
lack  of  data  in  this  area.  Another  factor  which  timits  the  ability  to  predict 
wear  rates  for  the  Lightweight  Track  road  pads  Is  their  flexibility.  ft  would 
be  expected  that  a  flexible  road  pad  would  have  a  lower  wear  rate  than  a 
rigidly-backed  pad  because  of  its  ability  to  deflect  and  distribute  concen¬ 
trated  loads  over  an  increased  area.  in  addition,  examination  of  conventional 
road  pads  indicates  that  they  may  be  subject  to  damage  Dy  bruising,  wherein  a 
concentrated  load  causes  3  breakdown  of  the  rubber  as  it  is  pinched  between  a 
small  road  irregu I ar i ty  and  the  rigid  backing  material.  The  pneumatic  track 
pad  will  greatly  reduce  this  tendency. 

Based  upon  maximum  "footprint"  pressure,  the  curve  for  band  tracks  indicates 
a  wear  rate  of  approximately  4-560  miles  per  inch  of  wear.  Using  an  average 
"footprint"  pressure  of  3.9!  ps i ,  the  appropriate  graph  indicates  a  wear  rate 
in  excess  of  4600  miles  per  inch  of  wear.  Mo  attempt  has  been  made  to  extra¬ 
polate  this  curve  beyond  4600  mites.  Assuming  a  wear  rote  of  4500  miles  per 
inch,  a  life  of  approx  imafe  I  y  2880  miles  is  indicated  for  the  5/8-Inch  •’hick 
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Figure  5-2  Track  Fad  Wear  Rates  Versus  Average  Footprint  Pressure 


grouser.  If  should  oe  noted  that  the  pad  could  still  function  tor  a  limited 
time,  even  witn  the  grouser  completely  worn  away. 


5.6  Maintenance  Requirements 

The  L  i  gh  f  vie  i  gh  f  High  Mobility  Track  has  beer,  designed  to  require  a  minimum  of 
maintenance .  Once  the  track  has  been  installed  and  the  initial  tension 
adjustment  made,  no  further  tension  adjustment  will  be  necessary.  The  track 
will  not  take  a  "set"  due  to  the  nature  of  the  fiber  glass  tension  members, 
it  is  expected  that  maintenance  will  consist  only  of  replacing  worn  or  damaged 
road  pads  and  an  occasional  restoration  of  inflation  pressure  during  long 
periods  of  inactivity. 

Depending  upon  the  nature  of  road  pad  damage.  It  will  be  possible  to  make 
repairs  without  removing  the  pad  from  the  track  belt.  For  example,  a  simple 
puncture  may  be  repaired  in  the  same  manner  as  a  tubeless  tire;  a  plug  is 
inserted  into  the  puncture  and  sealed  with  art  adhesive.  In  order  to  Inflate 
the  pads,  it  wllf  be  necessary  to  lubricate  the  inf  later  needle  before  insert¬ 
ing  It.  To  inflate  all  of  the  pads  in  a  minimum  time,  an  air  supply  which  has 
been  pre-set  to  the  desired  pressure  would  be  advantageous,  in  the  field, 
the  pads  could  be  Inflated  with  a  simple  hand-operated  pump.  Little  physical 
effort  would  be  required,  owing  to  the  low  pressure  and  the  small  volume  to 
be  fit  led. 

The  replacement  of  a  road  pad  requires  only  two  wrenches .  One  would  be  used 
to  tighten  or  loosen  the  locking  nut,  while  the  other  would  be  required  to 
hold  the  bolt.  Locking  nut  torque  will  not  be  critical.  For  normal  opera¬ 
tion,  replacement  of  road  pads  will  be  required  at  intervals  of  approx imate I y 
2800  mi les. 
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Because  i  :  gn  twe  :  gn  t  Track  is  continuous,  i  ts  install  at  ion  will  require 
a  procedure  wr  Ir.n  is  quite  different  from  those  used  to  install  conventional 
pin  or  oana-type  tracks.  Most  tracks  are  laid  flat  on  the  ground  while  the 
v«n *  C  le  is  rolled  onto  them.  Installation  of  the  Lightweight  Track  will  re¬ 
quire  !r,jt  one  or  both  sides  of  the  vehicle  be  raised  until  the  roadwheeis 
are  approximate!’-  six  inches  aoove  the  ground.  The  track  will  then  be  posi¬ 
tioned  under  the  roadwneeis  and  suspended  over  the  idler  and  return  rollers, 
in  order  to  ?  I  uce  the  track  over  these  member's,  the  tension  adjustment  must  be 
in  the  relaxed  position,  and  the  sprocket  should  be  removed.  The  sprocket 
would  oe  reinstalled  win,  the  track  suspended  on  it,  followed  by  the  adjust¬ 
ment  of  track  tension. 

5 . 7  Ef  fee  ts  of  Damage 

Because  of  the  severe  loads  a  track  must  withstand,  one  of  the  most  frequenr 
causes  of  venicie  immooi I • rat  ion  is  track  failure.  However,  overdesign  of 
conventional  pin  and  band-type  tracks  with  respect  to  forseeabie  operating 
loads  usually  involves  penalties  in  several  areas,  including  weight  and  power 
consumption.  A  pin-fype  track  is  subject  to  a  disabling  failure  if  only  one 
pin  is  overs  tressed .  A  similar  condition  ex ists  wirh  seer ional i zed  band 
tracks,  especially  where  sections  are  joined  together.  The  rigidity  of  con¬ 
ventional  tracks  places  severe  demands  upon  the  tension  carrying  members 
because  toads  cannot  De  distributed  t  irough  deformation.  In  this  area,  the 
flexibility  of  the  Lightweight  Track  and  the  fact  that  the  load— carry ing 
members  are  distributed  across  the  entire  width  of  the  belt  present  certain 
advantages.  First,  ‘he  pn«umat:c  road  pads  serve  to  distribute  concentrated 
vertical  loads  caused  by  road  surface  ,'rregu  lar  i  t  ies  ,  Second,  because  the 


5-8 


track  Is  designed  to  carry  many  times  the  expected  maximum  operating  tension, 
the  failure  of  a  significant  percentage  of  the  fiber  glass  tens  Ion  members 
will  not  cause  total  fi-ack  failure. 

Although  the  pneumatic  road  pads  are  essential  to  track  buoyancy  and  serve 
other  Important  functions,  failure  of  several  or  ail  of  the  pads  will  not 
affect  the  structural  integrity  of  the  bait.  Similarly,  although  operation 
could  not  be  sustained  with  a  number  of  damaged  guide  teeth  adjacent  to  each 
other,  several  isolated  failures  could  be  tolerated  to  provide  a  "get  home” 
capability.  For  the  above  reasons,  a  vehicle  equipped  with  the  Lightweight 
Track  could  sustain  considerable  track  damage  before  being  Iirmobl  II zed. 

5.8  Comparison  with  Track  used  on  XM57 I  Vehicle 

The  XM571  Is  an  articulated  tracked  vehfcle  consisting  of  two  powered  units 
Joined  by  a  specie!  universal  Joint/prope! ter  shaft.  The  gross  weight  of 
this  vehicle  I*  approximately  8000  pounds,  with  the  front  unit  slightly 
heevler  than  the  rear  unit.  Each  unit,  then,  has  a  gross  weight  close  to 
4000  pounds.  vmich  Is  very  simitar  to  the  hypothetical  vehicle  application 
of  the  Lightweight  Track  (4).  At  present,  the  XM57I  track  Is  the  tightest 
track  mede  for  any  vehicle  above  a  .5000  pound  gross  weight.  The  objectives 
of  the  Lightweight  Track  Included  conceptlng  a  track  which  Is  not  only 
lighter,  but  which  will  eurpesa  other  aepects  of  the  XW57I  track  such  es 
reliability,  durability,  and  buoyancy.  In  view  of  this,  a  brief  examination 
of  ths  XM57I  track  was  conducted,  resulting  In  the  comparison  table  shown 
below.  It  must  be  pointed  out,  however,  that  the  Lightweight  Track  Is  at 
present  merely  a  concept  end  has  not  had  the  benefit  of  testing. 


TABLE 


COMPARISON  OF  LIGHTWEIGHT  TRACK  AND  XM57 I  TRACK 


i 


DATA 

UNITS 

LIGHTWEIGHT  TRACK 

XM57I  TRACK 

Width 

1 nches 

12.00 

ia.ee 

hi  tch 

i nches 

6.00 

4.75 

We  i gh  t 

Pounds/Foof 

9.83 

14 

Vo  I u me 

Cubic  Feet /Foot 

0.1748 

.0416 

Buoyancy 

Percent 

110.7 

21  .6 

Grouser  He i gh  f 

! nches 

2.38  (Pad) 

1  .59 

5.9  Amphibious 

Ooerat i on 

The  most  significant  features  of  the  track  which  favor  amphibious  operation 
are  its  light  weight  and  buoyancy.  Unlike  conventional  tracks,  this  track 
wilt  help  to  support  the  vehicle  in  the  water  without  a  ser'ous  weight 
penalty.  it  will,  therefore,  be  possible  to  provide  a  given  vehicle  with 
greater  freeboard  and/or  amphibious  load-carrying  capacity. 

Certain  specialized  vehicles,  such  as  landing  craft,  have  made  use  of  tracks 
specifically  designed  for  maximum  water  propulsion.  A  number  of  these 
tracks  employ  var.e-shaped  shoes  or  appendages  and  feature  an  "open"  construc¬ 
tion  which  allows  water  to  flow  from  the  insiae  of  the  track  envelope  to  the 
outside.  Shrouds  have  been  used  to  cover  the  returning  portion  of  the  track 
to  eliminate  thrust  in  the  direction  opposite  to  that  of  the  vehicle.  The 
lightweight  High  Mobility  Track,  due  to  its  road  pad  appendages,  will  provide 
some  thrust  in  the  water,  but  it  is  not  expected  to  equal  the  efficiency  of 
tracks  designed  specifically  for  wafer  propulsion.  It  would  be  necessary  to 
cover  the  returning  portions  of  the  tracks  with  shrouds  for  the  reason  mentioned 
previously.  For  certain  vehicle  applications,  however,  the  buoyancy  of  the 
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track  may  make  it  possible  to  have  the  returning  portion  of  the  track  above 
or  close  to  the  surface  of  the  water  for  maximum  efficiency  from  the  stand¬ 
points  of  thrust  and  power  consumption.  Any  meaningful  estimate  of  water 
speed  would  require  data  defining  the  appropriate  features  of  the  vehicle 
application.  in  view  of  the  absence  of  these  data,  no  numerical  estimate  of 
water  speed  has  been  made. 

5*10  Cross-Country  Speed  Capabi I Itv 

The  requirements  listed  in  Section  2  include  descr ipt Eons  of  terrain  condi¬ 
tion*  ranging  from  dry  hard  cross-country  to  wet  marginal  cross-country .  The 
Lightweight  High  Mob  I ! ty  Track  has  no  known  features  which  would  limit  operating 
speed  on  these  various  typ.-n  of  terrain.  On  the  other  hand,  experience  has  shown 
that  speed  limit?  ions  are  mo-'e  often  related  to  the  ability  of  the  vehicle 
driver  and  crew  to  . . ~.id  severe  vibration  Inputs  or  the  ability  of  the 

vehicle  power  train  to  provide  the  necessary  power  and  control .  Other  factors 
which  must  be  considered  are  associated  with  the  overall  vehicle  conf Igurat Ion, 
Including  ground  clearance,  driver  field  of  vision,  and  length/wfdth  ratio. 

Even  with  e,  complete  vehicle  definition  available,  an  estimate  of  cross-country 
speed  capability  is  extremely  difficult  to  make. 

Given  two  identical  vehicles  -  ons  with  the  Lightweight  Track  end  the  other 
with  a  conventional  band  track  of  the  same  width  and  weight  -  it  is  expected 
that  the  vehicle  equipped  with  the  Lightweight  Track  would  be  able  to  attain 
greater  cross-country  speeds.  The  reasons  for  this  include  low  power  con¬ 
sumption  and  the  inherent  ability  to  absorb  ahocka . 
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5.  n 


Overall  Performance  Summary 


The  overall  performance  of  the  L i gh twe i gh t  High  Mobility  Track  is  expected 
to  provide  certain  advantages  which  have  been  heretofore  una t f a  inab le  with 
existing  track  des ; gns .  The  longitudinal  flexibility  and  lack  of  a  definite 
"pitch"  will  provide  extremely  smooth  operation  with  minimum  power  consumption. 
The  cushioning  effect  of  the  pneumatic  road  pads  will  serve  to  reduce  vibration 
caused  by  smail  surface  irregu I ar  i  t  !es  and  may  ease  suspension  requirements  for 
small  vehicles.  The  fact  that  no  meta i-to-metal  contact  is  present  anywhere  in 
the  track  interfaces  between  roaiSvheels,  idlers,  and  sprockets  will  assure  that 
noise  will  be  held  to  a  minimum.  The  low  weight  and  high  buoyancy  of  the  track 
will  allow  better  amphibious  operation  and  on  Increased  cargo  capacity  In  com¬ 
parison  to  gross  vehicle  weight. 


6.0  CONCLUSIONS  AfC  RECOMMENDATIONS 


6. !  Summary 

The  out-come  of  this  Investigation  is  a  concept  of  the  Lightweight  High 
Mobility  Track  and  Drive  Sprocket.  The  track  consists  of  a  reinforced 
rubber  belt  with  guide  teeth  on  its  Inner  surface  and  'emovable  pneumatic 
road  pads  on  its  outer  surface.  The  adoption  of  this  concept  was  originally 
prompted  oy  requirements  for  positive  buoyancy,  light  weight,  smooth  opera¬ 
tion,  low  power  loss,  long  life,  and  ability  to  absorb  shocks.  The  analyses 
performed  to  determine  feasibility  centered  mainly  upon  weight,  buoyancy, 
tensile  strength,  end  manufactur ing.  The  resulting  concept  is  12  inches 
wide,  hes  a  pitch  of  6  Inches,  weighs  9.83  pounds  per  foot,  anti  is  110.7 
percent  buoyant. 

6 . 2  Cone  I  us  I ons 

Th®  analyses  Indicate  that  tha  Lightweight  High  Mobility  Track  Concept  is 
feasible  and  that  It  wilt  definitely  meet  or  surpass  most  of  the  require¬ 
ments.  Due  to  the  unusual  nature  of  this  concept,  however,  a  meaningful 
evaluation  of  son*  of  Its  character tatlcs  such  as  belt  life,  power  losses, 
and  road  pad  wear  rate  can  best  be  performed  by  laboratory  and  on-vehicle 
testing. 

A  number  of  features  of  the  Lightweight  Track  represent  improvements  over 
conventional  pin  or  band  tracks.  The  fact  that  the  roadwheel  path  is  smooth 
end  continuous  will  allminata  the  vibration  caused  by  roaAeheels  traveling 
over  Individual  shoes.  The  elimination  of  metal-to-meta!  contact  throughout 
the  track  end  its  .ntarfaces  with  suspension  components  will  provide  extremely 
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quiet  operation.  The  longitudinal  flexibility  of  the  track  end  the  tack  of 
rigid  pitches  will  scree  to  reduce  vibration  and  power  losses.  The  ability 
of  the  pneumait ic  road  pads  to  absorb  road  shocks  will  attenuate  low  amplitude 
suspension  Inputs.  The  buoyancy  of  the  track  will  allow  greater  freeboard  or 
I oad-carr y i ng  capacity  for  amphibious  vehicles. 

Although  the  track  concept  developed  during  this  study  was  intended  for  a 
vehicle  with  a  gross  weight  of  3,000  pounds,  it  is  expected  that  various 
simitar  concepts  would  oe  applicable  to  cargo  and  reconnaissance  vehicles 
currently  using  conventional  band  tracks.  In  general,  the  track  seems  best 
suited  for  lightweight,  high-speed  vehicles.  Variations  of  the  basic  concept 
could  probably  be  used  on  vehicles  up  to  about  20,000  pounds  gross  weight, 
with  simitar  advantages. 

6 . 3  Recommends t  ions 

In  view  of  the  feasibility  of  the  Lightweight  High  Mobility  Track  and  the 
inherent  advantages  of  the  concept,  it  is  recommended  that  additional  pro¬ 
grams  be  undertaken  with  the  ultimate  goal  of  placing  this  track  into  service 
on  future  or  existing  lightweight  vehicles.  The  following  programs  are  pre¬ 
sented  as  a  plan  involving  the  least  cost  and  risk,  preliminary  to  on-vehicle 
test  ing . 

6.3.1  Concept  Definition  and  Test  Pi  an  Program 

An  essential  phase  of  a  future  development  program  wou ! d  be  the  production  of 
a  fu i l  complement  of  detail  drawings  for  the  track  and  the  sprocket  complete 
with  all  necessary  specification  regarding  materials  and  performance.  These 
drawings  and  spec i f ical ions  would  be  based  upon  the  concept  presented  in  this 
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report  and  full  use  of  the  experience  gained  during  the  feasibility  study 
would  be  assured. 

Chrysler  is  currently  involved  in  the  design  and  fabrication  of  the  Pitchless 
Sand  Track  Test  Machine  to  be  Installed  at  ATAC  (Contract  0AA£07-67-C-4i8i  I. 

If  Is  further  recommended  that  a  plan  be  devised  for  testing  tne  Lightweight 
Track  on  this  machine.  In  order  to  accomplish  this,  detail  drawings  for  a 
roadwheei  and  other  hardware  for  use  on  the  machine  would  have  to  be  provided. 
The  test  plan  would  be  directed  toward  determining  endurance,  durability,  and 
power  consumption  factors  as  related  to  speed,  vibration,  tension,  and  applica¬ 
tion  of  dynamic  loads. 

6.3.2  Material  Procurement  and  Test 

Upon  completion  of  the  above  program,  action  would  be  Initiated  to  procure  ail 
material  required  for  testing.  Necessary  modifications  to  the  test  machine 
would  be  made  end  testing  accomplished  with  technical  assistance  provided  by 
Chrysler  personnel . 
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This  report  presents  Chrysler's  concept  feasibility  study  of  the  Lightweight 
High  Mobility  Track,  performed  under  Contract  DAAE07-67-C-3847,  effective 
10  May  1967.  The  subject  track  consists  of  a  fiber  glass  reinforced  belt 
with  guide  tooth  projections  on  its  inside  surface  and  pneumatic  pads  on  its 
outside  surface.  This  particular  track  was  intended  for  use  on  a  vehicle  with 
a  gross  weight  of  3000  pounds.  The  resultant  concept  is  12  inches  wide,  weighs 
9.83  pounds  per  foot,  and  is  110.7  percent  buoyant.  In  addition,  the  inherent 
advantages  of  the  design  include  a  smooth  roadwheel  path,  the  ability  to  absorb 
road  shocks,  quiet  operation,  and  expected  long  life. 

The  concept  was  analyzed  from  a  number  of  standpoints  including  weight, 
auoyancy,  tensile  strength,  and  feasibility  of  manufacture.  It  was  concluded 
that  the  concept  is  feasible  and  that  it  would  be  applicable  to  lightweight  cargo 
and  reconnaissance  vehicles.  Recommendations  for  future  activity  on  this  pro¬ 
ject  are  also  presented. 
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